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Locks are key elements to overcome local differences in the water level at barrage controlled 
waterways or canals. In particular, the lifting heights at the federal waterways differ from a few meters 
at the naval locks of the Kiel-Canal up to 38 meters at a proposed lock in Lüneburg. The requirements 
for the hydraulic system are versatile. Fast lock cycle times and the safety of passing ships on the one 
hand have to be consistent with reasonable costs for construction and operation on the other hand. 
Meeting all these requirements is part of the optimisation process. 
The forces acting on the ship during lockage is a critical design criterion. For their determination the 
Federal Waterways Engineering and Research Institute (BAW) uses different methods including 
physical and numerical models. Despite continuous development of numerical methods, the modelling 
of the filling process in a navigation lock considering a floating ship and opening valves is still a 
challenging task. Due to the large vertical movement of the lifted ship and the small spaces between 
the ship hull and the lock chamber walls, special modelling concepts become necessary. Each of these 
concepts has its own advantages and disadvantages.  
A common approach and a good starting point to handle moving objects throughout the lockage is the 
deforming-mesh method. Vertices of the mesh are displaced during the simulation according to the motion of the ship’s boundaries. However, the lifting height is limited to a few meters with this 
approach due to the resulting mesh distortion which leads to a collapsing mesh. More sophisticated 
methods like overset-mesh or immersed-boundary are needed to overcome this major drawback. 
Finally, the increasing complexity of the numerical methods must not affect the main outcome which 
are the forces acting on the ship during lockage. 
Different methods are currently investigated at the BAW with respect to their suitability for the 
simulation of lockage processes. The outcome of all these methods has to be consistent with each other 
as well as validated. For that the BAW uses physical scale models with integrated measurement 
structures to determine the acting forces on the ship. After all it is the ultimate goal to have the choice 
of considering lockage processes with the means of physical models in the laboratory or numerical 
models. 
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